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Background: Adequate pain management has a great importance for smooth postoperative recovery,
early hospital discharge and early rehabilitation. In this study is we compare between the analgesic effect
and possible side effects of different routs of magnesium sulphate administration in cases of spinal anes-
thesia for knee arthroscopy.
Methods: 120 patients scheduled for knee arthroscopy 4 groups (30 patients each): group C received only
Bupivacaine intrathecally. group Mg-Sp received 50 mg Mg sulphate with Bupivacaine intrathecally,
group Mg-Iv 10 min after intrathecal injection, received intravenous injection of 30 mg/kg Mg sulphate
in 100 ml saline over 10 min followed by 10 mg/kg intravenous infusion over one hour and group
Mg-Art received intra-articular injection of 800 mg Mg sulphate diluted in 12 ml normal saline (0.9%
NaCl) 10 min before the end of surgery. Operative time in minutes, VAS at rest and at passive movement,
time to be able to perform knee flexion, time from end of surgery until first requirement of analgesics,
analgesic consumption, hemodynamic changes and any possible side effects were recorded.
Results: Regarding Time to be able to perform knee flexion, time taken from end of surgery until first
analgesic dose and amount of pethidine consumption in first postoperative 24 h, group Mg-Art is signif-
icantly better than other groups (P = 0.000) (P = 0.000) (P = 0.000) respectivly. Group Mg-Iv is signifi-
cantly better than group Mg-Sp and group C as regards time taken from end of surgery until first
analgesic dose (P = 0.000) and as regards amount of pethidine consumption in first postoperative 24 h
(P = 0.000). VAS at rest and with passive movement in group Mg-Art is significantly lower other groups
(P = 0.000).
Conclusion: Intraarticular administration of magnesium sulphate is found to be better than Intravenous
magnesium and intrathecal in postoperative analgesia.
� 2017 Publishing services by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Adequate pain management has a great importance for smooth
postoperative recovery, early hospital discharge and early rehabil-
itation [1]. Preemptive and preventive analgesia decrease pain
transmission in the central nervous system, prevent central
excitability and therefore decrease pain after surgery or injury [2].

N-methyl-D-aspartate (NMDA) receptors are involved in pro-
cesses of central nociceptive transmission, modulation and sensiti-
zation of acute pain states [3].

It is supposed that administration of NMDA receptor antago-
nists before surgical injury of the tissues leads to enhancement
of preemptive analgesia as it attenuates central sensitization from
peripheral nociceptive stimulation [4].

Magnesium is a physiological and pharmacological blocker of
(NMDA) receptors in neuronal tissue, so it is widely used now for
the management of both acute and chronic pain [5]. Various routes
of administration, as intravenous, intrathecal, and epidural, were
studied in giving magnesium as adjuvant in different analgesic reg-
imens [2,4,6].

Intraoperative administration of intravenous magnesium
reduces postoperative opioid requirements in association with bet-
ter quality of sleep and improved comfort [7]. Intra-articular mag-
nesium was also used and demonstrated to be effective in
postoperative analgesia [8].

The aim of this study is to compare between the analgesic effect
and possible side effects of different routs of magnesium sulphate
administration in cases of spinal anesthesia for knee arthroscopy.
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2. Patient and methods

This study was an experimental prospective randomized con-
trolled study conducted in Zagazig University Hospitals. After
obtaining approval from the hospital ethics committee, written
informed consents were taken from one hundred twenty patients
ASA I and II who were scheduled for diagnostic or therapeutic knee
arthroscopy. These patients were all patients scheduled for knee
arthroscopy in Saturday and Tuesday for four consecutive months
from January to April 2016. These two days were selected by the
simple random sampling technique method. Patients were ran-
domly allocated to one of four groups using a computer-
generated randomization list (n = 30 for each group). Age, height
and weight were documented. Exclusion criteria were patient refu-
sal and contraindications of spinal anesthesia, age under 18 years,
ASA class III, IV and V patients, sever hepatic or renal disease,
abnormal blood electrolytes level, allergy to the test drug and
patients who had received any analgesic drugs in the preceding 6
h. When the operative time exceeded 2 h, the cases were excluded.
A day before surgery, patients were learnt on visual analogue pain
scales (VAS): 1–10 with 10 = worst pain imaginable and 0 = no
pain.

Half an hour before operation, all patients received 0.01 mg/kg
atropine i.m.

After explanation of the technique and on arrival to the anes-
thetic room, i.v. access and routine monitoring in the form of elec-
trocardiography, non invasive arterial blood pressure and oxygen
saturation were established in all the patients. All Patients received
2 mg midzolam, 500 mL of lactated Ringer’s solution i.v. placed in
the sitting position. 15 mg Bupivacaine 0.5% was injected intrathe-
cally by 22-gauge, 119-mmWhitacre spinal needle placed by med-
ian or paramedian approach through L3-L4 intervertebral space.

Control group ‘‘group C” (30 patients) received only Bupiva-
caine intrathecally and did not receive Mg sulphate by any route
of administration

Group Mg-Sp (30 patients) received 50 mg Mg sulphate (0.5 ml
of 10% Mg sulphate) with Bupivacaine intrathecally. All Patients
were immediately turned to the supine horizontal position.

Ten minutes after intrathecal injection, group Mg-Iv (30
patients) received intravenous injection of 30 mg/kg Mg sulphate
in 100 ml saline over 10 min followed by 10 mg/kg intravenous
infusion over one hour.

Group Mg-Art (30 patients) received intra-articular injection of
800 mg Mg sulphate (8 ml of 10% Mg sulphate) diluted in 12 ml
normal saline (0.9% NaCl) 10 min before the end of surgery.

The following parameters were assessed:

� Operative time in minutes.
� Pain score measured by visual analogue scale (VAS) from zero to
ten, with zero was no pain and 10 was the maximum pain. It
was taken at rest as well as with passive movement at 2, 4, 6,
8, 12, 18 and 24 h postoperatively.
A rescue dose of pethidine 50 mg intravenously (cannot be
repeated within 6 h) was available as a postoperative analgesia
at the patient’s request or when the VAS value was higher than
4.

� Time to be able to perform knee flexion in minutes.
� Time from end of surgery until first requirement of analgesics
(rescue dose).

� Amount of pethidine consumption in first postoperative 24 h.
� Recording of any side effects according to patient complaint
within the postoperative 24 h (if founded) such as:
– Nausea
– Vomiting
– Pruritis
– Shivering
– Respiratory depression (indicated by respiratory rate).

� Hemodynamics: Hypotension or bradycardia was considered
with decrease in mean blood pressure or heart rate more than
20% from the base line. Rescue measures for hypotension and
bradycardia were intravenous giving of 5 mg ephedrine and
0.5 mg atropine respectively. 5 reading were considered: basal,
30 min after anesthesia, 1 h after anesthesia, 2 h after anesthe-
sia and 4 h after anesthesia.

2.1. Statistical analysis

Collected data were handled using a data base software pro-
gram (version 14.0, SPSS Inc., Chicago, IL, USA). Data were
expressed as mean ± SD, median or as number and percentage.
ANOVA, chi square and Kruskal Wallis test were performed.
P < 0.05 was considered as statistically significant.
3. Results

� The four groups were comparable regarding the patient charac-
teristics in the term of demographic data of patients (Table 1).

� There was no statistically significant difference between groups
regarding operative time (Table 2).

� Regarding Time to be able to perform knee flexion: Group Mg-
Art was significantly lower than other groups. There were no
statistically significant differences between group Mg-Iv and
groupMg-Sp, but they were both significantly lower than Group
C (Table 3).

� As regards time taken from end of surgery until first analgesic
dose: Group Mg-Art was significantly higher than group Mg-
Iv, group Mg-Sp and group C. Group Mg-Iv was significantly
higher than group Mg-Sp and group C. Group Mg-Sp was signif-
icantly higher than group C (Table 4).

� Table 5 illustrates the results of the amount of pethidine con-
sumption in first postoperative 24 h: Group Mg-Art was signif-
icantly lower than the other groups. Group Mg-Iv was
significantly lower than group Mg-Sp and group C. Group Mg-
Sp was significantly lower than group C.

� Fig. 1 illustrates VAS at rest at 2, 4, 6, 8, 12, 18 and 24 h postop-
eratively in the four studied groups:
– GroupMg-Art was significantly lower than other groups at 4,

6, 8, 12, 18 and 24 h postoperatively.
– Group Mg-Iv and group Mg-Sp were significantly lower than

group C at 4, 6 and 8 h postoperatively.
– There were no statistically significant differences between

groups at all other readings.
� Fig. 2 illustrates VAS with passive movement at 2, 4, 6, 8, 12, 18
and 24 h postoperatively in the four studied groups:
– Group Mg-Art was significantly lower than other group Mg-

Iv and Group C at 4, 6, 8, 12, 18 and 24 h postoperatively.
– GroupMg-Art was significantly lower than group Mg-sp at 6,

8, 12, 18 and 24 h postoperatively.
– Group Mg-Iv and Group Mg-sp were significantly lower than

group C at 4, 6, and 8 h postoperatively.
– There were no statistically significant differences between

groups at all other readings.
� There were no statistically significant differences in heart rate
among groups (Fig. 3). There were no statistically significant
differences in mean arterial pressure among groups (Fig. 4).
There were no significant changes in heart rate or mean arterial
pressure among time intervals within each group (Figs. 3 and 4).



Table 1
Patients characteristics (mean ± SD).

Variable Group Mg-Art
(n = 30)

Group Mg-Iv
(n = 30)

Group Mg-Sp
(n = 30)

Group C
(n = 30)

F P

Age (yr) 35.5 ± 3.4 35.2 ± 2.5 34.7 ± 3.0 35.3 ± 3.1 0.431 0.731
Weight (kg) 80.4 ± 4.4 80.2 ± 4.0 79.0 ± 4.4 81.3 ± 2.7 1.798 0.151
Height (cm) 178.6 ± 3.9 180.1 ± 2.8 179.3 ± 3.9 179.4 ± 3.1 0.867 0.460

*P < 0.05 (Significant).

Table 2
Operative time in minutes (mean ± SD).

Group Mg-Art
(n = 30)

Group Mg-Iv
(n = 30)

Group Mg-Sp
(n = 30)

Group C
(n = 30)

F P

Operative time (min) 62.3 ± 12.6 57.3 ± 10.1 65.0 ± 10.5 61.3 ± 13.7 2.176 0.095

*P < 0.05 (Significant).

Table 3
Time to be able to perform knee flexion in minutes.

Group Mg-Art
(n = 30)

Group Mg-Iv
(n = 30)

Group Mg-Sp
(n = 30)

Group C
(n = 30)

F P

Range 165–200 190–250 200–250 240–300 174.06 0.000*

Mean ± SD 180.3 ± 9.9 222.3 ± 17.0 229.5 ± 16.2 271.7 ± 17.7

* P < 0.05 (Significant).

Table 4
Time from end of surgery until first analgesic dose in minutes.

Group Mg-Art
(n = 30)

Group Mg-Iv
(n = 30)

Group Mg-Sp
(n = 30)

Group C
(n = 30)

F P

Range 445–560 410–465 260–345 230–300 869.5 0.000*

Mean ± SD 519.3 ± 29.0 437.5 ± 15.1 297.6 ± 23.1 262.5 ± 19.6

* P < 0.05 (Significant).

Table 5
Amount of analgesia (Pethidine) taken in first 24 h (mgs).

Group Mg-Art
(n = 30)

Group Mg-Iv
(n = 30)

Group Mg-Sp
(n = 30)

Group C
(n = 30)

F P

Range 25–75 25–100 50–150 50–200 27.635 0.000*

Mean ± SD 47.5 ± 16.5 63.3 ± 19.4 80.8 ± 28.4 109.2 ± 39.1

* P < 0.05 (Significant).

0

0.5

1

1.5

2

2.5

3

3.5

4

2hs 4hs 6hs 8hs 12hs 18hs 24hs

Group Mg-Art

Group Mg-Iv

Group Mg-Sp

Group C

Fig. 1. VAS at rest at 2, 4, 6, 8, 12, 18 and 24 h postoperatively.
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Fig. 2. VAS with passive movement at 2, 4, 6, 8, 12, 18 and 24 h postoperatively.
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Fig. 3. Changes in heart rate (beat/min) in the four studied groups.
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Fig. 4. Changes in mean blood pressure (mmHg) in the four studied groups.

Table 6
Frequency of side effect (%).

Group Mg-Art
(n = 30)

Group Mg-Iv
(n = 30)

Group Mg-Sp
(n = 30)

Group C
(n = 30)

x2 P

Nausea 2 = 6.66% 2 = 6.66% 3 = 10% 4 = 13.33% 1.10 0.777
Vomiting 0 0 0 1 = 3.33% 3.03 0.388
Shivering 1 = 3.33% 0 1 = 3.33% 2 = 6.66% 2.07 0.558
Pruritis 0 0 0 0 1.0 1.0
Respiratory depression 0 0 0 0 1.0 1.0

*P < 0.05 (Significant).
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Side effects (Table 6):

� The incidence of nausea was 6.66% in group Mg-Art and group
Mg-Iv, 10% in group Mg-Sp and it was 13.33 in % group C. There
was no cases of vomiting except a single case in group C The
incidence of shivering was 3.33% in group Mg-Art, 0% in group
Mg-Iv, 3.33% in group Mg-Sp and 6.66% in group C. No patients
had developed pruritis or respiratory depression in the four
studied groups.

� There were no statistically significant differences between all
groups regarding nausea, vomiting, pruritis, shivering or respi-
ratory depression.
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4. Discussion

Although there are many studies on the analgesic effect of each
route of magnesium administration, there is lack of researches
comparing these different routes. This study is designed to com-
pare the analgesic effect of intraarticular, intravenous and intrathe-
cal magnesium sulphate administration in cases of knee
arthroscopy receiving spinal anesthesia and to discuss their possi-
ble side effects.

The main finding of this study is that intraarticular administra-
tion of magnesium is found to be better than other routs of admin-
istration in cases of spinal anesthesia for knee arthroscopy.

Elsharnouby and co-workers [9] found that intraarticular com-
bining of magnesium sulphate with bupivacaine is more effective
than using bupivacaine alone as regards reduction of postoperative
pain.

In this study, we used the same intraarticular dose used by Rad-
wan and co-workers [10] who found that intra-articular magne-
sium sulphate is effective in increasing duration of analgesia,
decreasing postoperative intake of analgesics and reducing postop-
erative pain.

Liu and co-workers [11] emphasized on the fact of the periph-
eral antinociceptive effect of NMDA antagonists and demonstrated
that NMDA antagonists inhibits excitation of nociceptive input ter-
minals of C-fibers and this affects and limits central processing of
pain. It is still possible that the action is achieved by both central
(through systemic absorption of magnesium) and peripheral
mechanisms.

Banwait and co-workers [6] states that with any route of
administration (intravenous, intrathecal, or epidural) the actual
site of magnesium action is the spinal cord NMDA receptors. This
may be the cause that results of this study shows that intravenous
and intrathecal magnesium administration are comparable, with
preference to intravenous rout in amount of analgesics needed in
first postoperative 24 h and the time needed to first analgesic dose.

Pascual-Ramirez and co-workers [12] supposed that addition of
intrathecal magnesium sulphate to spinal anesthesia offers a
longer period of postoperative analgesia and a longer time needed
to first analgesic requirement as well as less amount of postoper-
atve consumed analgesics, but we did not recognize these effects
clearly. The explanation of this may be introduced by Unlugenc
and co-workers [13] who suggested that changing pH of the injec-
tate by adding magnesium sulphate to the local anesthetic may be
the cause.

The results of previous studies on analgesic effects of intra-
venous and intrathecal magnesium sulphate are conflicting.

On the contrary of results of this study Ko and co-workers [14]
and Peach and co-workers [15] found that perioperative adminis-
tration of intravenous magnesium sulphate does not affect postop-
erative pain or increase duration of analgesia.

On the other hand, many previous studies [16–19] proved the
effect of perioperatve infusion of magnesium sulphate on decreas-
ing postoperative pain and decreasing analgesic requirements.
Taheri and co-workers [20] considered single intravenous magne-
sium sulphate dose (50 mg/kg) effective in decreasing postopera-
tive pain and analgesic consumption.

Meta-analysis of Pascual-Ramirez and co-workers [12] declared
that addition of 50–100 mg of magnesium sulphate to intrathecal
anesthetics will decrease postoperative anesthetic requirements
without affecting the block or increasing adverse effects, but there
is no evidence in its advantages over other available adjutants thus
far.

However, Kherazi and co-workers [4] found that intrathecal
magnesium failed to prolong the time to rescue analgesic dose
although it decreased the total analgesic requirements.
The contradiction between the results of this study and studies
done by Ko and co-workers, peach and co-workers and Kherazi and
co-workers may be attributed to the different types of surgical pro-
cedures. Patients of this study underwent knee arthroscopy while
patient of the other studies underwent abdominal hysterectomy,
cesarean section and lower limb surgeries respectively.

There are limitations in this study. Firstly, we used fixed doses
of intrathecal (50 mg) and intravenous (30 mg/kg followed by
10 mg/kg) magnesium administration. Although these doses had
been proved to be effective by previous studies [4,7,16,21,22],
but we assume that comparing larger doses may produce different
results.

Secondly, this study did not measure the effect of intrathecal
magnesium on the onset of both sensory and motor blockade.

As regard hemodynamic changes and side effects, statistically
there were no significant differences between groups.

In conclusion, this study concluded that in cases of spinal anes-
thesia for knee arthroscopy, intraarticular administration of mag-
nesium sulphate is better than itravenous or intrathecal
administration regarding postoperative VAS, time needed to rescue
dose of analgesics, amount of used postoperative analgesics and
time to perform knee flexion. Intravenous magnesium is better
than intrathecal as regards amount of analgesics needed in first
postoperative 24 h and the time needed to first analgesic dose.

Our recommendation is to perform future studies to determine
the least effective intraarticular magnesium dose for postoperative
analgesia of knee arthroscopy cases.
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